unit of analysis was inpatient episodes, and inpatient episodes involving a malignant neoplasm (International Classification of Diseases, Tenth Revision codes: C00-C97) were included in this study. The total sample (n=5 565 076) was divided into incident cases and prevalent cases according to medical use due to cancer in prior years. The tertiary hospitals in Seoul were divided into two groups (the five largest hospitals and the other tertiary hospitals in Seoul).
INTRODUCTION
It has been reported that cancer patients were highly concentrated at tertiary hospitals located in Seoul. In 2009, 49% of pISSN 1975-8375 eISSN 2233-4521 total medical care for cancer patients was performed at medical institutions in Seoul, and 58% of the income from cancer management at medical institutions in Seoul was accounted for by patients who did not reside in Seoul [1] . Additionally, 58% of the total medical expenditures of cancer patients occurred at tertiary hospitals, of which 47% occurred at the 5 largest tertiary hospitals located in Seoul [2] .
The benefit expansion policy for 4 major conditions implemented in 2013 was criticized because of the possibility that it would intensify the concentration of cancer patients to tertiary hospitals in Seoul [3] . With the benefit expansion, patients who had previously been limited in their choices due to high expenses would be freer to select the type of medical institu-tion where they would receive care, and it was expected that preferences regarding the quality of care would come to play a more important role [4] ; therefore, it was likely that patients would be concentrated at tertiary hospitals in Seoul that are expected to provide high-quality care. Furthermore, the benefit expansion would enable cancer patients who had chosen not to receive additional treatment for financial reasons to receive such treatment, leading them to utilize tertiary hospitals in Seoul that provide such treatment [2] .
The concentration of cancer patients to tertiary hospitals in Seoul creates various problems. Because the accessibility decreases as the distance between the medical institution and the patient's residential area increases, patients receiving care at a distant hospital cannot receive the required medical services at the appropriate time [5, 6] . Additionally, an influx of patients exceeding the capacity of a medical institution would increase the waiting time, leading to delays in treatment [7] . Difficulty in access, as well as delays in treatment, adversely affect the health outcomes of cancer patients who require longterm treatment and management [8] [9] [10] [11] .
Furthermore, unnecessary expenses arise due to repeated tests and the cost and time associated with visits to medical institutions further away from patients' residential areas. The costs resulting from travel expenses and lost time due to cancer treatment were estimated to be 22.9 and 921.1 billion Korean won, respectively [12] .
Additionally, the concentration of cancer patients at tertiary hospitals in Seoul can lead to a gap in medical resources among different regions. On one hand, local medical institutions less preferred by patients do not have the capacity to deploy additional medical resources due to financial difficulties [2] . On the other hand, because populations are highly concentrated in the capital region, and patients living in the rural area tend to prefer Seoul over other areas, the tertiary hospitals in Seoul are able to establish large cancer centers and to expand their medical personnel and equipment [13] . While 102 radiation oncologists, accounting for 38% of all of radiation oncologists nationwide, work in Seoul, there are only 2 radiation oncologists each in Gwangju and Chungbuk, and the number of radiotherapy devices per population was found to be 2 times greater in Seoul than the national average [14] . The lack of medical resources for cancer patients within their region of residence again leads the patients to utilize out-of-region medical institutions.
Previous studies have explored cancer patients' utilization of medical care outside of their residential areas [1, [15] [16] [17] . However, those studies did not present an in-depth analysis of the concentration of cancer patients at tertiary hospitals in Seoul. Additionally, changes in the utilization of tertiary hospitals in Seoul after the benefit expansion policy, given the criticism of the policy, must be examined using empirical data. The purpose of this study was to investigate cancer patients' utilization of tertiary hospitals in Seoul and to compare its trend before and after the implementation of the benefit expansion policy.
METHODS

Data and Study Population
This study used claims data from the Korean National Health Insurance Service. The study population was inpatient episodes involving a malignant neoplasm (International Classification of Diseases, Tenth Revision codes: C00-C97) as the main diagnosis code from 2011 to 2016 [18] . A total of 5 565 076 cases were selected as the final study population, after excluding 174 cases in which the patient's residential area or the location of the medical institution was unknown and 326 775 cases occurred in long-term care hospitals. Among the final study population, cases of the patients who did not have a medical record due to cancer in prior 3 years were classified as incident cases and the other cases were classified as prevalent cases.
Independent Variables
The episode type, sex, age, income level, residential area, and the type of residential area were used as independent variables, as all these factors may affect cancer patients' choice of medical institution. For episode type, inpatient episodes involving surgical procedures were categorized as surgical episodes, and the others as medical episodes. The patients' income level was divided into quintiles according to the health insurance fee for national health insurance beneficiaries, and Medical Aid patients as a sixth category. Residential area was classified into Seoul, capital regions other than Seoul (Gyeonggi, Incheon), Chungbuk, the Chungnam area (Daejeon, Sejeong, Chungnam), Gangwon, Jeonbuk, the Jeonnam area (Gwangju, Jeonnam), the Gyeongbuk area (Daegu, Gyeongbuk), the Gyeongnam area (Busan, Ulsan, Gyeongnam), and Jeju. The type of residential area was classified as urban (cities having 'gu'), suburban (cities not having 'gu'), and rural ('gun').
Dependent Variable
The dependent variable of this study was whether or not the episode occurred in a tertiary hospital in Seoul. Based on the results of a previous study, which reported that cancer patients were highly concentrated at the 5 largest tertiary hospitals in Seoul [2] , the tertiary hospitals in Seoul were divided into (1) the 5 largest tertiary hospitals in Seoul in terms of inpatient volume, and (2) the other tertiary hospitals located in Seoul.
Statistical Analysis
A before-and-after analysis was conducted to compare the period prior to the benefit expansion policy for 4 major conditions (2011) (2012) (2013) to the period after the policy (2014) (2015) (2016) . Although the benefit expansion policy went into effect in October 2013, the year 2013 was classified as prior to the policy, because the reduction in out-of-pocket payment by the policy in 2013 was significantly smaller than those in 2014 [19] . The utilization rates of the 5 largest tertiary hospitals in Seoul and the other tertiary hospitals in Seoul according to admission type, income level, residential area, and the type of residential area were calculated for the periods before and after the policy. A logistic regression analysis was conducted to examine the effect of each independent variable, while controlling patients' demographic features, on the utilization of 5 largest hospitals in Seoul or on the other tertiary hospitals in Seoul and to identify changes in utilization after the policy.
Ethical Statement
The study was reviewed and approved by the Institutional Review Board (IRB) of Seoul National University College of Medicine (IRB No. C-1708-035-875). The informed consent was exempted by the board.
RESULTS
The general characteristics of the study population are presented in Table 1 . The number of incident episodes decreased from 1 519 796 cases to 1 398 901 cases after the policy. Whereas the number of prevalent episodes slightly increased from 1 318 895 cases to 1 327 484 cases after the policy. The proportion of surgical cases was higher in incident episodes than prevalent episodes.
The utilization rate of tertiary hospitals in Seoul before and after the policy for incident episodes is presented in Table 2 . The utilization rate of tertiary hospitals in Seoul increased from 32.9% to 34.9% after the policy. The 5 largest tertiary hospitals accounted for more than 70% of the utilization of tertiary hospitals in Seoul. While the utilization rate of the 5 largest tertiary hospitals increased from 23.6% to 28.5% after the policy, the utilization rate of the other tertiary hospitals in Seoul decreased from 9.3% to 9.1%. The utilization rate of tertiary hospitals in Seoul was higher for surgical episodes. The increase in the utilization rate after the policy was higher for medical episodes, and this is primarily due to the increase in the utilization of the 5 largest tertiary hospitals. The utilization rate of tertiary hospitals in Seoul in Medical Aid patients was 15.6%, which was approximately one-third of that of the highest income quintile patients. The utilization rate of tertiary hospitals in Seoul increased in patients of all income levels after the policy, and the magnitude of the change was similar for all income level. Regions with a high utilization of tertiary hospitals in Seoul were Seoul (66.2%), Chungbuk (40.4%), the Chungnam area (33.9%), and Gyeonggi, Incheon (33.4%), while the regions with a low utilization were the Gyeongnam area (17.3%), the Jeonnam area (20.5%), and the Gyeongbuk area (21.7%). The utilization rate of tertiary hospitals in Seoul was the highest in urban areas and the lowest in rural areas.
The utilization rate of tertiary hospitals in Seoul before and after the policy for prevalent episodes is presented in Table 3 . The utilization rate of tertiary hospitals in Seoul increased from 35.5% to 37.2% after the policy. The utilization rates were higher than those of incidents episodes. The utilization rate of the 5 largest tertiary hospitals increased, while the utilization rate of the other tertiary hospitals in Seoul decreased. The utilization rate of tertiary hospitals in Seoul was 20.5% in Medical Aid patients, and 47.0% in the highest income quintile patients. The regions with a high utilization of tertiary hospitals in Seoul were Seoul (68.5%), Chungbuk (44.5%), Gyeonggi, Incheon (39.0%), and the Chungnam area (35.9%), while the regions with a low utilization were the Gyeongnam area (16.9%), the Jeonnam area (20.6%), and the Gyeongbuk area (23.6%). The utilization rate of tertiary hospitals in Seoul was the highest in urban areas and the lowest in rural areas. Similar results were obtained when examined medical and surgical episodes separately; these results are presented in Tables S1 and S2 .
The results of the logistic regression analysis are presented in Table 4 . Utilization of the 5 largest tertiary hospitals was higher in surgical episodes. There was a more than 4.92 difference in utilization between Medical Aid patients and those in the highest income quintile patients. There was about 4.57 differ-ence in utilization by residential area, as the Gyeongnam area showed the lowest utilization and Seoul showed the highest. In regions other than Seoul, the utilization was high in Chungbuk, the Chungnam area, and Gyeonggi, Incheon, and low in the Gyeongbuk area and the Jeonnam area. The utilization was lower in urban areas than suburban or rural area. The utilization increased by 1.14 times for incident episodes and by 1.13 times for prevalent episodes after the policy.
For the other tertiary hospitals in Seoul, utilization was higher in medical episodes. The utilization of those hospitals 
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was the highest in Seoul which was 18-fold higher than the lowest region (the Gyeongnam area). The utilization decreased for both incident episodes and prevalent episodes after the policy. Similar results were observed when examined medical and surgical episodes separately; these results are presented in Tables S3 and S4 .
DISCUSSION
This study investigated the current status of cancer patients' utilization of tertiary hospitals in Seoul and compared its trends before and after the implementation of the benefit expansion policy for 4 major conditions. A previous study that analyzed cancer patients' medical utilization from 1999 to 2005 using the cancer registration data and claims data reported that the utilization rate of the 4 largest tertiary hospitals in Seoul was 19.8%, while the utilization rate of the other tertiary hospitals in Seoul was 17.3% [17] . In this study, the utilization rates of the 5 largest tertiary hospitals in Seoul from 2014 to 2016 for the incident and prevalent episodes were 25.8%, 28.3%, respectively while the utilization rates of the other tertiary hospitals in Seoul were 9.1%, 8.9%, respectively. The logistic regression analysis showed that the utilization of the 5 largest tertiary hospitals in Seoul increased after the policy, whereas the utilization of the other tertiary hospitals in Seoul decreased. These results indicate that cancer patients are concentrated to a few largest hospitals in Seoul, and this trend is intensifying over time.
Regional differences in cancer patients' utilization of the 5 largest tertiary hospitals in Seoul can be explained by the differences in accessibility to Seoul between regions. Cancer patients choose medical institutions primarily by their size, reputation, and new technologies [20, 21] . Accessibility acts as one of the constraints for cancer patients to choose the medical institution; choices become more limited as the distance to the medical institution increases [22] . This can explain the high utilization of the 5 largest tertiary hospitals in Seoul among the patients living in the Chungnam area, Chungbuk, and Gyeonggi, Incheon, as well as the greater increase in the utilization after the policy in the Chungnam area and Chungbuk. Other than those regions, regions that showed high utilization of the 5 largest tertiary hospitals in Seoul and a large increase 
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in utilization after the policy were regions without metropolitan cities, such as Gangwon, Jeju, and Jeonbuk. These results can be interpreted by the regional gaps in medical resources.
Eleven of the 15 tertiary hospitals in Korea with more than 1000 beds are located in metropolitan cities, and local areas have fewer types and numbers of medical equipment than metropolitan cities [23] . The low utilization of the 5 largest tertiary hospitals in Seoul among patients residing in urban areas in the logistic regression analysis supports this interpretation. The gap in the utilization of the 5 largest tertiary hospitals in Seoul between Medical Aid patients and the highest income quintile patients was more than 4-fold which is consistent with the results of previous studies [16, 17, 24] . There were no significant differences between the income levels in the increase in the utilization after the benefit expansion policy. Unequal accessibility to medical services may lead to unequal health outcome in cancer patients. A previous study which investigated survival rates of cancer patients by income level revealed that the 1-year, 3-year, and 5-year survival rates were all higher in patients with higher income [24] .
After the introduction of the benefit expansion policy for 4 major conditions, the utilization rate of the 5 largest tertiary hospitals in Seoul increased for both incident episodes and prevalent episodes, and the increase was higher for medical episodes than for surgical episodes. If this increase was due to the benefit expansion policy, it can be interpreted that for surgery, which is a relatively high-risk medical service, the preference for the quality of care was evident [25] so that the cost change did not significantly affect the choice of the medical institution in cancer patients, whereas for non-surgical services, the cost played a relatively important role in the selection of the medical institution. Meanwhile, contrary to the results of previous studies, which reported that the increase in medical use after the benefit expansion policy was higher among lower-income patients [26] [27] [28] , the gap between income levels in the utilization of tertiary hospitals in Seoul did not change after the policy in this study. This discrepancy may have been due to differences in the outcome variable measured between this study and prior studies. The outcome variable in this study, the utilization of tertiary hospitals in Seoul, has a geographic feature. Patients who reside in rural areas must spend a large amount of time both traveling to tertiary hospitals in Seoul and waiting to receive care at those hospitals. It may be that the access barrier prevents lower-income patients to respond to the policy, given that time available for medical use is generally low in the lower-income patients.
There are some limitations to this study. Various operational definitions are in use to define the medical use of cancer patients using medical claims data. Although this study used the operational definition known to have the highest validity, it remains possible that the use of medical services may have been overestimated in some cases [18] . Additionally, the severity of cancer, which may significantly affect patients' choice of medical institutions, was not included in this analysis. Using cancer registration data may overcome these limitations in future studies.
This was a descriptive study that examined the current status of the concentration of cancer patients at tertiary hospitals in Seoul. Future studies are necessary to investigate the different aspects and the consequences of this utilization pattern. Various other indicators, such as the number of patients or medical expenses, can be used to analyze the utilization pattern of medical institutions, which may produce different results [29] . Researches using various indicators to capture different aspects of the cancer patients' utilization pattern will broaden the understanding of this phenomenon. In addition, it is necessary to identify 'appropriate' patient concentration by analyzing the concentration pattern by cancer type and its stage. For highrisk surgical procedures and rare cancers, the concentration of cancer patients at a few medical institutions can increase the quality of care [30] [31] [32] , and a greater concentration of such cases can be considered 'appropriate' . For the other cases, quantitative research is needed to assess the effect of the patient concentration on patient health and social cost. Such studies will provide a basis for the establishment of a regional cancer management system and for the provision of integrated cancer care currently implemented by the government.
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